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UTERINE ARTERY OCCLUSION DEVICE WITH CERVICAL RECEPTACLE 

FIELD OF THE INVENTION 
[0001] The invention relates generally to the field of treating uterine disorders of 
female patients by occluding the patient's uterine arteries. 

BACKGROUND OF THE INVENTION 
[0002] Hysterectomy (surgical removal of the uterus) is performed on approximately 
600,000 women annually in the United States. Hysterectomy is often the therapeutic 
choice for the treatment of uterine cancer, adenomyosis, menorrhagia, prolapse, 
dysfunctional uterine bleeding, and muscular tumors of the uterus, known as leimyoma 
or uterine fibroids. 

[0003] However, a hysterectomy is a major surgical intrusion into a patient's body 
having attendant risks and many undesirable characteristics. Thus, any method which 
can provide the therapeutic result of a hysterectomy without removing the uterus would 
be a significant improvement in this field. Newer treatment methods have been 
developed for some uterine disorders to avoid removal of the patient's uterus. 
[0004] For example, in 1995, it was demonstrated that uterine fibroids could be 
treated without hysterectomy using a non-surgical therapy, specifically comprising 
bilateral intraluminal occlusion of the uterine arteries (Ravina et al., "Arterial 
Embolization to Treat Uterine Myomata", Lancet Sept. 9, 1995; Vol. 346; pp. 671-672, 
incorporated in its entirety herein). This technique is commonly known as "uterine 
artery embolization". In this technique, uterine arteries are accessed by a delivery 
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catheter via a transvascular route from a common femoral artery into the left and right 
uterine arteries and an embolization agent such as platinum coils or the like are 
deposition at a desired location within the uterine arteries. Thrombus quickly forms 
within the mass of platinum coils at the deployment site to occlude the artery. 
[0005] The uterus has a dual (or redundant) blood supply, the primary blood supply 
being from the bilateral uterine arteries, and the secondary blood supply from the 
bilateral ovarian arteries. Consequently, when both uterine arteries are occluded, i.e. 
bilateral vessel occlusion, the uterus and the fibroids contained within the uterus are 
both deprived of their blood supply. However, as demonstrated by Ravina et al., the 
ischemic effect on the patient's fibroid is greater than the effect on the uterine tissue. In 
most instances, the uterine artery occlusion causes the fibroid to wither and cease to 
cause clinical symptoms. 

[0006] However, many physicians do not possess the training or equipment 
necessary to perform catheter-based uterine artery embolization under radiologic 
direction. Accordingly, there are relatively few uterine artery embolizations performed 
each year in comparison to the number of hysterectomies that have been performed 
each year for uterine fibroids which are symptomatic. 

[0007] What is needed, therefore, are simple procedures and the instruments for 
such procedures for occluding a female patient's uterine arteries without the undesirable 
features of a hysterectomy that can be used by physicians who do not have the training 
or equipment for intravascular uterine artery occlusion. 
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SUMMARY OF THE INVENTION 
[0008] The invention is directed to a device for occluding a patient's uterine arteries 
in the treatment of uterine disorders. Specifically, the device embodying features of the 
invention includes a receptacle which has an interior configured to receive at least part 
of a female patient's uterine cervix and at least one leading edge of the receptacle 
which is configured to engage a female patient's vaginal fornix. The receptacle is 
configured to hold the patient's uterine cervix while the leading edge or edges of the 
receptacle press against the patient's vaginal fornix to occlude the underlying or 
adjacent uterine arteries. Preferably, a vacuum source is interconnected to the interior 
of the cervical receptacle so that upon the application of a vacuum to the interior of the 
receptacle, the patient's cervix is held within the interior of receptacle. Alternatively, 
mechanical members may be employed to hold at least part of the patient's cervix within 
the receptacle. 

[0009] In one embodiment the leading edge of the cervical receptacle is distally 
extendible so that it can be pressed against the patient's vaginal fornix to occlude 
underlying uterine arteries, while the patient's uterine cervix is held within the interior of 
the receptacle by vacuum or otherwise. The leading edge may have an expandable or 
inwardly extendible inner portion which has an inwardly extending pressure applying 
surface so that both an upward and inward thrust may be provided to press against the 
patient's vaginal fornix to occlude the uterine arteries. 

[0010] The pressure applying portions of the leading edge of the cervical receptacle 
are provided with one or more blood flow sensors to detect the location of the uterine 
arteries when the leading edge of the receptacle is pressed against the patient's vaginal 
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fornix. Once the arteries have been located by the blood flow sensors, the pressure 
applying surfaces of the leading edge or edges of the cervical receptacle may be further 
thrust against the vaginal fornix to occlude the underlying uterine arteries. The blood 
flow sensors on the leading edge may also be used to follow or monitor the uterine 
artery occlusion by detecting when blood flow terminates and when blood flow is re- 
established. 

[0011] When the uterine arteries are located, vacuum can be applied to the interior 
of the cervical receptacle to pull and hold the uterine cervix and adjacent vaginal fornix 
tissue into the receptacle interior and hold the cervical and fornix tissue so that the 
leading edge or edges of the receptacle press against the vaginal fornix wall and 
occlude the underlying or adjacent uterine arteries. 

[0012] The uterine artery occlusion effected by the pressure from the leading edge 
of the receptacle is temporary, and may be partial or complete. Generally, the uterine 
artery occlusion is less than 48 hours, preferably less than 24 hours for most uterine 
disorders. Typically about one to about 8 hours is adequate for the treatment of uterine 
fibroids. Other disorders may require longer or shorter uterine artery occlusion times. 
[0013] While it is preferred to hold at least part of the patient's uterine cervix within 
the interior of the cervical receptacle, the cervix receptacle may be provided with a 
suitable cervical grabbing device or implement or element within the receptacle, such as 
a tenaculum, to hold the cervix within the interior. 

[0014] The blood flow sensors on the leading edges of the cervical receptacle for 
locating a blood vessel may sense sound, pulsation, blood flow or other indicator related 
to a blood vessel. Thus, a sensor for locating a blood vessel may be a blood flow 
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sensor, a sound sensor, a pressure sensor, a strain sensor, a stress sensor, a chemical 
sensor, an electromagnetic radiation sensor, or other sensor, and may be a combination 
of such sensors. A sound sensor may be an ultrasound sensor, including a Doppler 
ultrasound sensor. The sensor for locating a blood vessel, including a sensor for 
measuring blood flow, is preferably disposed in or on a pressure-applying surfaces of 
the leading edges of the cervical receptacle, and are preferably mounted to the face of 
the tissue-contacting surfaces of the leading edges. The blood flow sensor is preferably 
oriented perpendicularly to the tissue contacting surfaces of the leading edges, although 
other orientations may be employed. 

[0015] Ultrasound energy useful for sensing a location of a blood vessel or of blood 
flow in a blood vessel may have a frequency of less than about 20 MegaHertz (MHz), 
such as between about 5 MHz and about 19 MHz, preferably between about 6 MHz and 
about 10 MHz, more preferably a frequency of about 8 MHz. Electromagnetic energy 
useful for sensing a location of a blood vessel or of blood flow in a blood vessel may 
have a wavelength of between about 500 nanometers (nm) and about 2000 nm, 
preferably between about 700 nm and about 1000 nm. 

[0016] In an alternate embodiment, the cervical receptacle is configured with the 
interior chamber thereof large enough so that upon the application of a vacuum to the 
interior chamber, the patient's cervix is pulled into the interior chamber sufficiently to 
cause the leading edges to apply pressure through the patient's vaginal fornix to 
occlude the uterine arteries adjacent to or underlying the vaginal fornix. 
[0017] The non-invasive devices and systems embodying features of the invention 
allow for the non-surgical location and occlusion of uterine arteries without the puncture 
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of bodily tissue, and without the need for radiographic equipment or for skill in the use of 
radiographic techniques. The devices and methods are simpler and more readily used 
and removed than other methods and devices, and provide improved treatments for 
uterine disorders that might otherwise require invasive and irreversible treatments such 
as removal of a hysterectomy. 

[0018] These and other advantages of the invention will become more apparent from 
the following detailed description of the invention when taken in conjunction with the 
accompanying exemplary drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] Figure 1 is a partial perspective view of a uterine artery occluding device 
embodying features of the invention which has a cervical receptacle and an elongated 
shaft. 

[0020] Figure 2 is an elevational view of the uterine artery occlusion device shown in 
Fig. 1. 

[0021] Figure 3 is a plan view of the occlusion device shown in Fig. 1 . 

[0022] Figure 4 is a longitudinal cross-sectional view of the occlusion device shown 

in Fig. 1, taken along the lines 4-4 shown in Fig. 3. 

[0023] Figure 5 is a transverse cross-sectional view of the occlusion device shown in 
Fig. 1 taken along the lines 5-5 shown in Fig. 3. 

[0024] Figure 6 is an elevational view of the occlusion device as shown in Fig. 2 with 
the extendable curtains in un-inflated conditions. 
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[0025] Figure 7 is a partial schematic diagram of a reproductive system of a human 

female with an extendable curtain of the occluding device shown in Fig. 1 pressed 

against the patients vaginal fornix to occlude the underlying uterine artery. 

[0026] Figure 8 is an elevational view of an alternative uterine artery occlusion 

device embodying features of the invention with a cylindrically shaped extendable 

curtain. 

[0027] Figure 9 is a plan view of the uterine artery occlusion device shown in Fig. 8. 
[0028] Figure 10 is a longitudinal cross-sectional view of the device shown in Fig. 9, 
taken along the lines 10-10. 

[0029] Figure 11 is an elevational view partially in section of an alternative cervical 
receptacle without one or more distally extendable leading edges. 
[0030] Figure 12 is a perspective view of an alternative cervical receptacle with a 
lowered anterior lip. 

[0031] Figure 13 is a perspective view of an alternative cervical receptacle wherein 
hydraulically operated pressure applicators are secured to the receptacle bowl. 
[0032] Figure 14 is an end view of the cervical receptacle shown in Fig. 13. 
[0033] Figure 15 is a longitudinal cross-sectional view taken along the lines 15-15 
shown in Figure 14. 

DETAILED DESCRIPTION OF THE INVENTION 
[0034] Figures 1-5 show an intravaginal uterine artery occluding device 10 
embodying features of the invention. The device 10 includes an elongated shaft or 
handle 11 and a cervical receptacle 12 on the distal end of the shaft which has an 
interior chamber 13 configured to receive at least part of the patient's uterine cervix and 
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which has leading edges 14 and 15 for applying pressure to the patient's vaginal fornix 
adjacent the uterine cervix to occlude underlying or adjacent uterine arteries. Distally 
extendable curtains 16 and 17 are secured at their proximal ends to the open distal end 
of receptacle 12 and leading edges 14 and 15 are secured to the distal ends of curtains 
16 and 17 respectively. Blood flow sensors 18 and 19 are provided on the leading 
edges 13 and 14 to aid in the location of the patient's uterine arteries. 
[0035] The elongated shaft 1 1 is formed of outer and inner tubular members 20 and 
21 respectively and has an inner lumen 22 extending within the inner tubular member 
21. The distal end 23 of outer tubular member 20 is secured to the base 24 of the 
cervical receptacle 12 and the distal end 25 of inner tubular member 21 extends through 
the base 24. Grating 26 supports the base plate 27 away from the opening 28 in the 
distal end 25 of inner tubular member 21 to provide fluid communication between the 
inner lumen 22 and the interior chamber 13 of receptacle 12. Cervical sound or post 29 
is secured to (e.g. by soldering or brazing) and supported by base plate 27 centrally 
within the interior chamber 13 of the receptacle 12. The cervical post 29 is formed of a 
helical coil 30 which has a spherical plug 31 secured to the distal end 32 thereof by 
solder, brazing and the like (not shown) to present a non-traumatic tip for insertion into 
the patient's cervical canal. 

[0036] The inner bowl 33 of the receptacle 12, which defines at least in part the 
interior chamber 13, has a plurality of vertically oriented grooves 34 disposed around 
the inner bowl. The proximal ends 35 of the grooves 34 are adjacent to the openings in 
the grating 26 and are configured to disperse the vacuum conditions provided by the 
inner lumen 22 of the shaft 1 1 about the interior chamber 13 defined by the inner bowl 
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33. The distal ends of the grooves 34 extend toward the upper open end of the 
receptacle 12 a sufficient distance to ensure that the vacuum applied to the cervical 
tissue in the receptacle will hold the received portion of the cervix within the receptacle 
during the procedure of occluding the uterine arteries. 

[0037] The distally extending curtains 16 and 1 7 of the occluding device 10 shown in 
Figs. 1-5 are arc-shaped and are formed by a plurality of arcuate inflatable members 36 
and 37 respectively. Generally, L-shaped support members 38 and 39 are provided on 
the distal ends of curtains 16 and 17 to form the leading edges 14 and 15 which apply 
the pressure required to occlude a patient's uterine arteries. The blood flow sensors 18 
and 19 are secured to the leading edges 14 and 15 to locate the patient's uterine 
arteries and monitor blood flow therethrough. The distally extending curtains 16 and 17 
are formed of suitable relatively non-compliant polymeric material such as polyethylene 
terepthalate, polyesters such a Hytrel, Nylon 6, polyvinyl chloride), polyurethane and 
the like. The inflatable members 36 and 37 are provided with inflatable fluid through 
inflation tubes 40 and 41 respectively which are in fluid communication with the interior 
of the inflatable members 36 and 37 adjacent to the open distal end of the receptacle 
12. The interiors of the individual inflatable members of the curtains 16 and 17 are 
secured together and preferably in fluid communication so that all of the interiors of the 
inflatable members of a particular curtain receive inflation fluid from a single inflation 
tube. Circular support members 42 extend longitudinally through the inflatable 
members 36 and 37 which are sealed at their respective ends about the support 
members 42. Support members 42 maintain the relative positions of the individual 
curtains 16 and 17 during storage, deployment and use even though the curtains may 
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be independently inflated. Typically, the support members are metallic wire members 
about 0.015 to about 0.3 inch in diameter and are formed of NiTi alloy or stainless steel. 
[0038] The upper or distal portion of the extending curtains 16 and 17, for example 
the depending portion of support members 38 and 39 are preferably provided with an 
inwardly expansive inflatable members 43 and 44 which are formed of compliant 
polymeric material such as polyurethane, silicone, polyolefin elastomers and C-Flex®. 
The inwardly expansive inflatable members 43 and 44 are inflated through inflation 
tubes 45 and 46 respectively. 

[0039] Figs. 1-5 illustrate the extendable curtains 16 and 17 in the inflated condition, 
whereas Fig. 6 illustrates the expandable curtains in the uninflated condition. 
[0040] Fig. 7 illustrates the device positioned within the patient with the leading edge 
14 on the distal end of the extendable curtain 16 in the expanded condition pressing 
against the vaginal fornix 47 and at least partially occluding the patient's left uterine 
artery 48. The side expansion balloon 43 expands inwardly to further press against the 
vaginal fornix 47 to ensure the occlusion of the patient's left uterine artery 48. The 
patient's uterine cervix 49 is held within the interior chamber 13 of receptacle 12 by the 
application of a vacuum through the inner lumen 22 of the shaft 11 throughout the 
treatment. 

[0041] The shaft 11 and the elbow at the distal end of shaft 11 leading to the 
receptacle 12 is flexible enough so that the receptacle can rotate with respect to the end 
of the shaft 1 1 to facilitate the introduction and advancement of the device 10 within the 
patient's vaginal canal. A delivery sheath (not shown) may be employed to facilitate 
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such delivery. The receptacle 12 may be sufficiently flexible to be collapsed prior to 
insertion into the patient's vaginal canal. 

[0042] Figures 8-10 illustrate another occlusion device 50 which embodies features 
of the invention. This embodiment is similar in most respects as the embodiment shown 
in Figs. 1-4. The device 50 shown has an elongated shaft 51, a cervical receptacle 52 
with an interior chamber 53 and with leading edges 54 and 55. A cylindrical, distally 
extending curtain 56 is provided with the proximal end of the curtain secured to the 
open distal end of the receptacle 52. The leading edges 54 and 55 are secured to 
opposite sides of the distally extending cylindrical curtain 56 and are provided with 
blood flow sensors 60 and 61 respectively to locate the patient's uterine arteries and 
preferably also monitor the flow of blood flow through these arteries. The distally 
extending curtain 56 is preferably provided with an inflation tube 62 so that the curtain 
can be distally extended when inflation fluid is directed to the interior of the helically 
shaped inflatable member 63 of the curtain 56. The device 50 is otherwise the same as 
the device as previously described for Figs. 1 -6. 

[0043] Figure 1 1 illustrates an alternative uterine artery occlusion device 70 which 
has an elongated shaft 71 , cervical receptacle 72 with interior chamber 73 and leading 
pressure applying edge 74 similar to the prior embodiments. However, occlusion device 
70 does not have one or more distally extendable curtains as do the previously 
described embodiments. Grooves 75 are provided on the inner surface 76 of receptacle 
72 which disperse the vacuum as in the prior embodiments. In this embodiment the 
receptacle 72 is configured large enough to receive the patient's uterine cervix and part 
of the patient's vaginal fornix when vacuum is applied to the interior chamber 75. As 
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vacuum is applied to pull in the cervical and vaginal tissue, the leading edge 74 presses 
against the wall of the patient's vaginal fornix to occlude the underlying or adjacent 
uterine arteries. 

[0044] Another alternative embodiment is illustrated in Figure 12 where the occlusion 
device 80 has a cervix receiving bowl 81 which has a lowered anterior lip 82 to facilitate 
positioning the bowl about the patient's uterine cervix prior to the application of pressure 
to the patient's uterine arteries for the occlusion thereof. Blood flow sensors 83 and 84 
are provided on the upper surface of the bowl 81 as in the other occlusion devices 
described herein. The shaft 85 has a leur connector 85 (or other suitable connector) 
configured to be connected to a vacuum source. The interior of the bowl 81 is the same 
as in the previously described devices. The operation of the device is essentially the 
same, except that the bowl 81 is easier for the physician to position about the patient's 
uterine cervix. 

[0045] Figures 13, 14 and 15 illustrate an alternative embodiment where the 
occlusion device 90 has a cervix-receiving bowl 91 secured to the distal end of an 
elongated shaft 92 which has an inner lumen 93 in fluid communication with the interior 
of the bowl 91 as in the other embodiments. Mechanically operated, pressure applying 
heads 94 and 95 are provided on each side of the bowl 91 which have extendable 
occlusion bars 96 and 97 configured to occlude a patient's uterine arteries. Details of 
the mechanical operation of the pressure bars 96 and 97 are best shown in the 
longitudinal cross-sectional view shown in Figure 15. 

[0046] As shown in Figure 15, the operable handle 98 includes a housing 99 having 
a first cylindrical member 100 with one closed end 101 and one open end 102 and a 



SFN42454.1 



12 



Atty. Docket No. R0368-03100 



second cylindrical member 103 with one closed end 104 and one open end 105. The 
open ends of the first and second cylindrical members interfit, with the open end 102 of 
the first cylindrical member 100 having a threaded interior and the open end 105 of the 
second cylindrical member 103 having a threaded exterior. Drive shaft 106 is secured 
to the closed end 101 the first cylindrical member 100 and is rotatable and longitudinally 
slidable through the closed end 104 of the second cylindrical member 103 so that 
rotation of one of the cylindrical members with respect to the other adjusts the distance 
between the closed ends of the first and second cylindrical members 100 and 103. The 
drive shaft 106 extends through outer tubular member 107 which is secured by its distal 
end to the head 94 and by its proximal end to the closed end 104 of the cylindrical 
member 103. The tubular member 107 is preferably a relatively flexible tube. The distal 
end 108 of the drive shaft 106 engages the end of leg 109 which is slidably disposed 
within the recess or bore 110 in arm 111 of pressure applying head 94. Upon 
contraction of the distance between the closed ends of the cylindrical members 100 and 
103, the drive shaft 106 is driven through the outer tubular member 107 and the distal 
end 108 is urged against the leg 109 which depends from the under side of occluding 
bar 96, and in turn drives the occlusion bar 96 attached to the leg 109 distally away from 
the cervical receptacle 91 . This structure allows the operator to fix the bowl 91 about 
the patient's uterine cervix and then use the mechanically operated occlusion bars 96 
and 97 to occlude the patient's uterine arteries. The occlusion bars 96 and 97 are 
provided with blood flow sensors 112 and 113 on the pressure applying surfaces 
thereof. The pressure applying heads 94 and 95 may also be hydraulically driven. The 
cervical receptacle 91 may be provided with a lowered lip 82 as shown in Figure 12. 
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The pressure applying head 95 is essentially the mirror image of pressure head 94 and 
is operated in the same manner. 

[0047] The embodiment shown in Figs 13-15 is used in a similar fashion as the prior 
embodiments. The cervical receptacle 91 and attached shaft 92 are inserted into the 
patient's vaginal canal and advanced therein until the patient's uterine cervix is 
disposed at least in part within the interior of the receptacle. A vacuum is applied to the 
interior of the receptacle 91 by pulling a vacuum in inner lumen 93 filling the receptacle 
with at least the lower portion of the patient's uterine cervix and holding the position 
thereof. The handle of the first cylindrical member 100 is manually rotated to drive the 
occlusion bar 96 against the patient's vaginal fornix. The blood flow sensor 1 12 on the 
occlusion bar 96 is utilized to locate the patient's uterine artery and monitor the blood 
flow therethrough. The other occlusion bar may be advanced against the patient's 
vaginal fornix in the same manner. The device is left in place until the uterine arteries 
have been occluded for sufficient time to provide the desired therapeutic effects, at 
which time the vacuum may be released and the device removed from the patient. A 
strap (not shown) may be provided about the pressure applying heads 95 and 96 to 
apply a side force against the heads to further apply and hold pressure against the 
fornix and cervix of the patient to ensure uterine artery occlusion. 
[0048] A preferred blood flow sensor is a Doppler ultrasound sensor operating at 
ultrasound frequencies less than about 20 MHz, such as between about 5 MHz and 
about 19 MHz, preferably between about 6 MHz and about 10 MHz and typically about 
8 Hz, is suitable for detecting blood flow in an artery with apparatus embodying features 
of the invention. Suitable commercially available blood flow sensors include ultrasonic 
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Doppler sensors such as the MedaSonics® CardioBeat® Blood Flow Doppler with 
Integrated Speaker (Cooper Surgical, Inc., Trumbull CT 06611)), the Koven model ES 
100X MiniDop VRP-8 probe (St. Louis, MO) and the DWL/Neuro Scan Medical 
Systems' Multi-Dop B+ system (Sterling, VA). 

[0049] Sufficient pressure or force applied to the tissue of the vaginal fornix to 
compress and to at least partially occlude the underlying or adjacent uterine artery. For 
effective therapeutic treatments, the uterine arteries should remain occluded for a 
limited time, usually less than 48 hours, for treating uterine disorders. A suitable limited 
time may be between about 0.2 hours and about 24 hours, preferably between about 
0.5 hour and about 12 hours for most uterine disorders. 

[0050] The uterine arteries of adult human females are located adjacent the vaginal 
mucosa at a location within a few centimeters (cm) of the vaginal fornix. Thus, for 
accessing and occluding a uterine artery, the dimensions of the patient's vaginal 
opening and canal help to determine suitable sizes for the occlusion devices embodying 
features of the invention. At least a portion of the occlusion device is configured to be 
introduced and advanced within the patient's vaginal canal to the patient's uterine 
cervix. Moreover, the shaft of the device is configured so that the device can be 
manipulated within the vaginal canal and readily reach the vaginal fornix when operated 
from outside of a patient's body. For example, the vacuum based occlusion device may 
be about 4 inches to about 16 inches in length, preferably about 6 inches to about 12 
inches in length. 

[0051] Non-invasive artery occluding devices embodying features of the invention 
may be made from any suitable material or combination of materials, including 
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biocompatible polymers, such as polycarbonate, polysulfone, polyester and polyacetal, 
metals such as stainless steel and shape memory alloys such as nickel titanium alloys, 
plastics, ceramics, and other materials known in the art. The device or system may be 
designed for single use (disposable) or may be sterilizable and capable of multiple use. 
[0052] While particular forms of the invention have been illustrated and described, it 
will be apparent that various modifications can be made to the invention. For example, 
the invention is described herein primarily with the use of a vacuum to hold the patient's 
uterine cervix within the receptacle. Other means including mechanical means such a 
rotating members may be employed to hold the patient's cervix within the interior or the 
receptacle. Accordingly, the invention is not to be limited to the specific embodiments 
illustrated and it is to be defined by the appended claims as broadly as the prior art will 
permit, and in view of the specification if need be. Moreover, those skilled in the art will 
recognize that features shown in one embodiment may be utilized in other 
embodiments. 

[0053] Terms such a "element", "member", "device", "sections", "portion", "section", 
"means", "steps" and words of similar import when used herein shall not be construed 
as invoking the provisions of 35 U.S.C. §1 12(6) unless the following claims expressly 
use the term "means" followed by a particular function without specific structure or the 
term "step" followed by a particular function without specific action. 
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